Adherence counseling can improve antiretroviral adherence and related health outcomes in HIV-infected individuals. However, little is known about how much counseling is necessary to achieve clinically significant effects. We investigated antiretroviral adherence and HIV viral load relative to the number of hours of adherence counseling received by 60 HIV-infected drug users participating in a trial of directly observed antiretroviral therapy delivered in methadone clinics. Our adherence counseling intervention combined motivational interviewing and cognitive-behavioral counseling, was designed to include six 30 minute individual counseling sessions with unlimited ''booster'' sessions, and was offered to all participants in the parent trial. We found that, among those who participated in adherence counseling, dose of counseling had a significant positive relationship with antiretroviral adherence measured after the conclusion of counseling. Specifically, a liner mixed-effects model revealed that each additional hour of counseling was significantly associated with a 20% increase in postcounseling adherence. However, the number of cumulative adherence counseling hours was not significantly associated with HIV viral load, also measured after the conclusion of counseling. Our findings suggest that more intensive adherence counseling interventions may have a greater impact on antiretroviral adherence than less intensive interventions; however, it remains unknown how much counseling is required to impact HIV viral load.
Introduction
Highly active antiretroviral therapy has the potential to prolong life expectancy, but requires high level of adherence (Paterson et al., 2000) . Because factors that may adversely affect adherence, including poverty, depression, low educational level, and active drug use, are prevalent among HIV-infected drug users, they may not receive full benefits from antiretroviral therapy (Arnsten et al., 2002; Carballo et al., 2004; Reynolds et al., 2004; Sharpe, Lee, Nakashima, Elam-Evans, & Fleming, 2004; Tucker et al., 2004) . Adherence interventions, including peer mentoring, group support, directly observed therapy, cognitivebehavioral counseling, motivational interviewing, contingency management and education, have been shown to be effective for improving adherence and decreasing viral load (Simoni, Pearson, Pantalone, Marks, & Crepaz, 2006) . However, it is unknown how much intervention is necessary to achieve significant effects. Because many HIV care settings have limited resources, knowledge about the amount of intervention necessary to improve behavioral and health outcomes may inform the design of optimal adherence interventions.
A few studies have investigated antiretroviral adherence interventions among drug users specifically (Sorensen et al., 1998; Williams et al., 2006) . One found that, over 12 weeks, contingency management plus biweekly medication ''coaching sessions'' resulted in significantly better antiretroviral adherence than biweekly medication ''coaching sessions'' alone (Sorensen et al., 2007) . Williams et al. (2006) found that, among current and former drug users, an educational intervention including 24 home visits over one year was associated with significantly better adherence and viral load than standard care. Another study found that three months after enrolling in a six session intervention including motivational interviewing and cognitive-behavioral counseling plus unlimited booster sessions, viral load significantly decreased among methadone maintained drug users (Cunningham et al., 2011) . Also, studies have shown that directly observed therapy interventions for antiretroviral medications are effective for improving medication adherence and viral load among HIVinfected drug users (Altice et al., 2004; Behforouz et al., 2004; Lanzafame, Trevenzoli, Cattelan, Rovere, & Flanigan, 2002) . However, none of these studies investigated how much intervention was required for significant changes in adherence or viral load to occur.
In addition, little is currently known about the precise dose of adherence counseling necessary to achieve clinical significance. One study compared 6 sessions to 12 sessions of an individual counseling intervention to enhance readiness for adherence among HIV-infected adults who previously failed antiretroviral treatment. Fifty percent of the study participants became adherent to their medications and achieved an undetectable viral load, with no differences between those who received 6 sessions and those who received 12 (Enriquez, Cheng, McKinsey, & Stanford, 2009) . We know of no other study that has evaluated the dose of an antiretroviral adherence counseling intervention. To design the most effective adherence interventions, more research is needed to determine optimal intervention dosing. We therefore evaluated associations between adherence counseling intervention dose and both antiretroviral adherence and viral load among HIV-infected, methadone maintained drug users.
Methods

Adherence counseling intervention
We developed the Support for Treatment Adherence Readiness (STAR) Program, an intervention based on the Information-Motivation-Behavioral Skills Model of Behavior Change (Cooperman, Parsons, Chabon, Berg, & Arnsten, 2007) . The intervention combined motivational interviewing and cognitivebehavioral counseling to improve antiretroviral adherence among HIV-infected drug users receiving treatment at a methadone maintenance clinic network in the Bronx, New York. The semi-structured adherence intervention was provided by paraprofessional counselors and consisted of six 30 minute sessions. Adherence counselors worked to identify gaps in information, motivation, and behavioral skills as well as unaddressed mental health, substance abuse, financial, vocational, and housing issues that might impede HIV medication adherence. After the initial sessions, patients could obtain unlimited ''booster sessions.'' Fidelity to the intervention was assured by audio taping sessions and feedback during weekly supervision with a licensed psychologist.
Intervention participants
The STAR Program was offered to all HIV-infected patients in a network of 12 methadone maintenance clinics in the Bronx, New York. However, for the current study we limited our analyses to subjects participating in the support for treatment adherence research through directly observed therapy (STAR*DOT) trial, since trial participants had antiretroviral adherence and viral load measured at multiple standard time points. STAR*DOT was a randomized controlled trial to test the efficacy of directly observed antiretroviral therapy provided on-site at a methadone clinic during a 24-week intervention period (Berg, Mouriz, Li, Duggan, Goldberg, & Arnsten, 2009 ). After the 24-week intervention period, STAR*DOT participants were followed for a 12-month post-intervention period. We included in this analysis all STAR*DOT participants for whom adherence and viral load were measured at any point during the 12-month post-intervention period (N 060), including those who did and did not receive adherence counseling. STAR*DOT postintervention assessments were used to measure the impact of counseling on adherence and viral load, after the adherence counseling period concluded. STAR*DOT and its outcomes have been previously described (Berg et al., 2009; Berg et al., 2010; Berg, Litwin, Li, Heo, & Arnsten, 2011) . Potential participants were eligible for inclusion if they were:
(1) HIV-infected, (2) prescribed antiretroviral therapy, (3) receiving HIV medical care at their methadone clinic or a closely affiliated site, (4) attending the methadone clinic 5 or 6 days per week, (5) on a stable dose of methadone for two weeks, and (6) genotypically sensitive to their prescribed antiretroviral regimen.
Participants in the STAR*DOT trial were randomized to receive antiretroviral directly observed therapy (DOT) for 24 weeks, or to self-administer their medications (treatment as usual [TAU]). Participants randomized to DOT received one dose of their antiretroviral medications at the same time as their daily methadone dose. Non-observed evening and weekend doses were provided to DOT participants in individual take-home pill boxes. After the initial 24-week intervention period, participants randomized to DOT self-administered their medications.
Participants randomized to TAU self-administered their antiretroviral medications during both the 24-week STAR*DOT intervention period and the 12-month post-intervention period. Adherence counselors met with all STAR*DOT participants not already engaged in the STAR Program to introduce the adherence counseling program and attempt to engage them in the adherence counseling intervention.
Though the STAR*DOT trial demonstrated that participants randomized to DOT had significantly AIDS Care 829 greater adherence and lower HIV viral loads than participants randomized to TAU immediately after 24-week intervention period Brust et al., 2010) , we have also noted that the significant effects of the STAR*DOT intervention attenuated rapidly after the 24-week intervention ended . Because our goal for the present study was to determine the impact of counseling dose on adherence and HIV viral load among participants in both arms of the trial after the adherence counseling period concluded, we limited our outcome measures for the current analysis to adherence and HIV viral load during the STAR*DOT post-intervention period, and also adjusted for the effect of DOT in all analyses.
Research visits during the STAR*DOT trial
For all STAR*DOT participants, research visits occurred at baseline, weekly for the first 8 weeks, and monthly thereafter. Surveys were administered using Audio Computer-Assisted Self-Interview technology (Metzger et al., 2000) . Blood for quantifying HIV viral load was drawn by research assistants at 8 points during the trial.
Measures: independent variables Demographic and clinical characteristics
During the STAR*DOT baseline visit, we assessed age, gender, marital status, race, education, income, education, drug use, and HIV clinical characteristics.
Dose of adherence counseling
Because the length of counseling sessions varied, our independent variable was number of counseling hours, rather than number of counseling sessions. To capture this, adherence counselors recorded the date and length of each adherence counseling session. To ensure a standardized measure of counseling dose, we defined a 15-month counseling period for each participant, including 6 months prior to STAR* DOT, 24 weeks (6 months) during the STAR*DOT intervention, and three months following STAR* DOT. We then calculated total number of adherence counseling hours for each participant, including all counseling sessions conducted during the 15month counseling period. Although some participants had counseling prior to the defined 15-month counseling period, we did not include these sessions because their timing was highly variable (from weeks to years prior to STAR*DOT).
Measures: dependent variables Antiretroviral adherence
Our major outcome was antiretroviral adherence following the standardized counseling period. To assess this, we included three measures of adherence obtained 3, 6, and 9 months after the 15-month counseling period. To quantify adherence, we used both medication event monitoring systems (MEMS) and pill counts. During the STAR*DOT post-intervention, when all participants self-administered their medications, we electronically monitored the backbone of the antiretroviral regimen (usually a protease inhibitor or non-nucleoside reverse-transcriptase inhibitor) using MEMS, and conducted pill counts for the remainder of the medications. We then created a composite adherence measure for each participant by computing a weighted average of MEMS and pill count adherence rates at each visit. Missing data, due to lost follow-up or any other reason, were not included in the calculation of adherence.
Viral load
We also assessed HIV viral load following the standardized counseling period. We included three measures of viral load obtained 3, 6, and 9 months after the 15-month counseling period. Plasma viral load was quantified using the VERSANT HIV-1 bDNA 3.0 assay (Bayer, Tarrytown, NY).
Statistical analyses
For descriptive statistics, categorical variables were summarized as percents and continuous variables were summarized using means and medians. We then used chi-square, Mann-Whitney U, or t-tests to compare variables between participants who did and did not participate in any adherence counseling during the 15-month counseling period.
To test the effect of cumulative counseling hours during the 15-month counseling period on the repeatedly measured adherence rates and viral loads following counseling, we applied two sets of mixed effects linear models. First, to all subjects regardless of experience of counseling, and second, only to those subjects who received counseling during the 15-month counseling period. To adjust for STAR*DOT intervention effects, we included the 24-week (immediate post STAR*DOT intervention) adherence rate or viral load in the appropriate model. Within-subject correlation of adherence rate and viral load was assumed to be unstructured.
Results
Participant characteristics
Participants' mean age was 48 years. Half were male, most were Black (42%) or Hispanic (45%), and 45% were married or living with a partner (Table 1) . Sixtythree percent had attended or completed high school, yet almost all were unemployed (97%). Participants were on methadone maintenance for a median of 11 years, and had been living with HIV for a median of 13 years.
Factors associated with adherence counseling
Thirty-seven percent of participants (n022) received any adherence counseling during the counseling period. Those who received counseling were younger (45 vs. 49 years, p5 0.05) and had lower CD4 counts (253 vs. 416 cells/mm 3 , p5 0.05) than those who did not receive counseling. In addition, immediately after the STAR*DOT intervention period (at week 24), those who received counseling had lower adherence (61% vs. 78%, p 5 0.05) and higher viral load (2.96 Table 1 . Participant Characteristics (N060).
All (N 060)
No adherence counseling during counseling period (n038) Any adherence counseling during counseling period (n 022)
Age a , mean (sd) 48 (7) 49 (6) AIDS Care 831 vs. 2.24 log 10 copies/ml, p5 0.05) than those who did not receive counseling. Among the 22 participants who received counseling, 36% received 51 hour of counseling, 41% received 1Á2 hours, and 23% received 2Á3 hours of counseling. Forty-five percent of the 22 participants completed the entire STAR intervention, and 41% had at least one booster session. Counseling sessions were equally distributed throughout the 15-month counseling period.
Relationship between adherence counseling dose and antiretroviral adherence
Among participants who received counseling, we observed a significant relationship between cumulative adherence counseling hours and antiretroviral adherence (measured following counseling) ( Figure 1) . Specifically, each additional hour of counseling was associated with a 20% increase in adherence rate. The relationship between adherence counseling dose and antiretroviral adherence was not significant when all participants (including those who did not receive counseling) were included.
Relationship between adherence counseling dose and HIV Viral load
We did not observe a significant association between cumulative adherence counseling hours and postcounseling HIV viral load, either when all participants were included in the analysis, or when only those who received any adherence counseling were included.
Discussion
In this sample of HIV-infected methadone maintained drug users participating in a trial of directly observed antiretroviral therapy, we found that counseling dose had a significant positive relationship with antiretroviral adherence measured after counseling. However, we did not observe a significant association between adherence counseling dose and post-counseling viral load. These results suggest that, while larger doses of an adherence counseling intervention are associated with improved antiretroviral adherence as compared to lower doses, even more intensive adherence counseling may be necessary to improve adherence enough to significantly impact HIV viral load.
While participants who received adherence counseling were mostly equivalent to participants who did not receive counseling, there were some differences. Those who received counseling were younger; perhaps, younger participants had less knowledge of antiretroviral treatment, and felt a greater need for HIV-related education and support. This finding suggests that interventions targeting younger HIVinfected individuals may have greater participation. Also, those who received counseling had significantly lower antiretroviral adherence, higher HIV viral loads, and lower CD4 counts than those who did not receive any counseling. It may be that persons who were managing their HIV effectively did not feel the need for counseling as acutely as those who were not managing their HIV well, but further research is needed to better understand these relationships.
We found a significant positive relationship between adherence counseling dose and antiretroviral adherence; however, the relationship between number of hours of adherence counseling received and viral load was not significant. Possibly, those who were more committed to antiretroviral adherence or already had higher levels of adherence were more likely to attend more adherence counseling. Alternatively, the intervention may have helped to address gaps in information, motivation, and behavioral skills necessary for adherence, however, not to the extent required for viral load suppression. While we observed that greater adherence counseling time was associated with greater adherence, our participants received a maximum dose of three hours of counseling (the equivalent to approximately six sessions of adherence counseling), and maximum adherence was only 85%. Since over 90% of participants in the STAR*DOT study were taking protease inhibitor containing regimens and only one quarter were taking non-nucleoside reverse-transcriptase inhibitors containing regimens, 95% adherence was likely necessary for an optimal virologic outcome (Paterson et al., 2000) . Possibly, greater than three hours of adherence counseling (or more than six 30 minute adherence counseling sessions) would be associated with greater improvements in information, motivation, and behavioral skills, higher antiretroviral adherence rates and, consequently, decreased viral loads. The results of this study suggest that more intensive adherence counseling interventions may have the most benefit for improved antiretroviral adherence in a drug using population; however, further research is needed to determine the amount of adherence counseling necessary to have an impact on biological outcomes and causal relationships.
We found that, among those who received counseling, 36% completed 51 hour of counseling (the equivalent of one or two sessions). The amount of adherence counseling received by those who chose to participate is consistent with previous psychotherapy studies in HIV-infected populations. Studies investigating engagement in mental health care and psychotherapy among HIV-infected patients found that approximately 30% of patients drop out of treatment after one session (Bottonari & Stepleman, 2009; Reece, 2003) . In these studies, factors associated with counseling retention among patients infected with HIV have included: social support, previous psychotherapy, treatment with pharmacotherapy, diagnosis of a personality disorder, having an ethnic minority provider, perceived barriers to treatment, level of HIV-related stigma, ethnicity, and CD4 count (Bottonari & Stepleman, 2009; Reece, 2003) . Many of these factors are also likely to impact engagement in adherence counseling, and should be considered in the design of adherence interventions to maximize treatment engagement.
No known studies have investigated the impact of adherence counseling dose in HIV-infected drug users; however, there is a body of research on the dose-effect of psychotherapy in various populations, including a few studies in drug users and those with HIV. These studies had conflicting results (Covi, Hess, Schroeder, & Preston, 2002; Ghebremichael, Hansen, Zhang, & Sikkema, 2006) . For example, Covi et al. evaluated the dose response of cognitivebehavioral therapy in 68 cocaine abusers randomly assigned to twice weekly, once weekly, or biweekly sessions over a 12-week period (Covi, et al., 2002) . The researchers found no differences in retention, reduction in drug use, or reduction in psychiatric distress between the groups, suggesting that a smaller treatment dose is equally as effective as a larger dose. In contrast, another study investigated the dose-effect of a group intervention for bereaved persons with HIV, and found that, over time, psychiatric distress and grief decreased longitudinally in relationship to intervention dose (Ghebremichael, et al., 2006) .
Despite its strengths, our study has some limitations. First, since participants were not randomized to receive different doses of adherence counseling, we are unable to determine cause-effect relationships. Second, this study included only HIV-infected, methadone maintained drug users who chose to participate in a clinical trial of directly observed therapy. Therefore, these findings may not generalize to individuals not in methadone maintenance treatment or participating in a clinical trial for DOT. Finally, this study was conducted on a relatively small number of individuals. Perhaps a study with a larger sample could better to detect the relationship between adherence counseling dose, antiretroviral adherence, and viral load.
In conclusion, this study provides important information that can be useful for designing adherence counseling interventions and future studies. Our findings suggest that more intensive adherence counseling interventions are likely to have a greater impact on antiretroviral adherence than less intensive interventions. Further, greater than three hours of counseling may be needed to increase antiretroviral adherence to the point that it has an impact on decreasing viral load. Therefore, interventions that address treatment retention may be most effective. While our study suggests that larger doses of antiretroviral adherence counseling are likely more beneficial than smaller doses, more research on adherence counseling engagement and retention is necessary to design optimal adherence counseling interventions for HIV-infected individuals to receive maximum benefits.
